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S1. Real-time source parameter estimations inferred with different gravity
strainmeters.
Real-time magnitude estimates inferred by networks of model-1 to model-4 sensors and
their corresponding likelihood ratio (LR) are displayed in Figs. S1 and S2, for the M9.1
Tohoku and M7.3 foreshock earthquakes, respectively. The input source time functions
(STF) from the SCARDEC database are accurately retrieved with model-1, model-2 and
model-4 sensors, while estimates based on model-3 sensors display the largest uncertain-
ties. Model-1 sensors provide the source parameter estimations based on the highest LRs,
while LRs displayed by model-2 and model-4 sensors are similar. Model-4 sensors, more
sensitive at high-frequencies than model-2 sensors, provide slightly higher ratios at short
time from rupture onset than model-2 sensors.
These results confirm the sensitivity of 10−15 Hz−1/2 around 0.1 Hz (models 1, 2 and 4)
is required to record high-LR signals and provide precise magnitude estimations in real-
time. Recordings from model-1 and model-3 sensors 25 seconds after the M7.3 foreshock
onset time are displayed in Figs. S3 and S4, and further illustrate this requirement.
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Figure S1. Rupture scenarios of the M9.1 Tohoku earthquake. (top) Estimated magnitudes
averaged over 100 iterations (bounded with the ± 1 standard deviation curves), inferred with
model-1 (red lines), model-2 (green lines), model-3 (blue lines) and model-4 (orange lines) sen-
sors. The black lines represent the released magnitude (STF from the SCARDEC database).
The yellow panels indicate estimations provided by the network deployed close to the ruptured
areas, and the blue panels estimations from the network at regional distance. Estimations are
provided up to the seismic waves arrival at the network. The thick blue line represents the EEW
magnitudes issued in real-time during the M9.1 Tohoku earthquake by the JMA (Hoshiba &
Ozaki, 2014). (bottom) Corresponding likelihood ratios LR.
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Figure S2. Rupture scenarios of the M7.3 Tohoku foreshock earthquake. (top) Estimated
magnitudes averaged over 100 iterations (bounded with the ± 1 standard deviation curves),
inferred with model-1 (red lines), model-2 (green lines), model-3 (blue lines) and model-4 (orange
lines) sensors. The black lines represent the released magnitude (STF from the SCARDEC
database). Estimations are provided up to the seismic waves arrival at the network. (bottom)
Corresponding likelihood ratios LR.
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Figure S3. Oﬄine real-time detection, source location and magnitude estimation of the M7.3
Tohoku foreshock earthquake with a network of model-1 sensors, 25 seconds after onset time.
(left) Gravity strain hEZ and hNZ recordings (black lines), along with the best-fitting gravity
strain template (red lines). (right) The red and green stars represent the earthquake epicenter
location and its estimated location, respectively. A M7.24 earthquake is detected with a high
likelihood ratio (> 110), close to the actual M7.37 magnitude.
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Figure S4. Oﬄine real-time detection, source location and magnitude estimation of the M7.3
Tohoku foreshock earthquake with a network of model-3 sensors, 25 seconds after onset time.
(left) Gravity strain hEZ and hNZ recordings (black lines), along with the best-fitting gravity
strain template (red lines). (right) The red and green stars represent the earthquake epicenter
location and its estimated location, respectively.
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